Background: Survivors of childhood malignancy are at risk of long-term late effects. One of the most commonly involved systems in this effect is endocrine system. Appropriate timely recognition and treatment of late complications including endocrine complication is essential for the continuing health and improvement in quality of life in cancer survivors. Objectives: Therefore, this study has been conducted to investigate the aforementioned complications resulting from the treatment of the common malignancies in children in Iran.
Background
Almost one out of every thousand children before the age of 15 years is suffering from cancer. The most common malignancies in children are acute leukemia (32%), Hodgkin lymphoma (10%) and brain tumors (24%) [1] . One of the most remarkable progresses in medical sciences over the past four decades is an effective treatment for pediatric malignancies and this will prolong the life of these patients to survive more. Survival rate of 5 years from less than 30% in 1960 to over 70% was reached in 1990. This rate is more than 90% for some malignancies such as leukemia and lymphoma [2] . Currently, one out of every 640 persons aged 20 -39 years is a survivors of childhood cancer and in the near future this amount will be one in every 450 persons [3] and about 60% of them have at least one chronic condition due to malignant [4] .
However, using the treatment of cancer at early age can cause effects that may not become apparent until many years later which are expressed late effects. This term means the adverse effects which is associated with the treatment on various organs and psychological disorders and experienced by the patients after cessation of treatment and these adverse effects including endocrine disorders, heart and lung, liver, kidney, secondary malignancy, psychosocial problems and even premature death [1] . Childhood cancer survivors have an increased risk of endocrine disease affecting many organs: hypothalamicpituitary function, gonadal and reproductive function thyroid function, body composition and glucose homeostasis [5] .
Endocrine complications that caused by radiotherapy and chemotherapy would be directly due to endocrine function decline or caused by gland tissue metaplasia indirectly due to the incidence of malignancy and disorder in bone growth [6] . Sensitivity to the toxic effects of treatment in endocrine glands varies (depending on the characteristics of each tumor cell). Some endocrine organs such as the testes, which have a high rate of cell division is most sensitive to the effects of anti-neoplastic drug and radiation [5] . Among other endocrine abnormalities may point to dysfunction of the hypothalamus, pituitary hypothyroidism, diabetes insipidus and mellitus, impaired growth hormone and thyroid disorders [1, 6] . With these given findings, a history of cancer and its treatment will have a significant and long-term effect on health of population at risk. Over time, these populations are less likely to visit their primary centers to follow-up treatment, often are not aware of their previous treatment and the majority of them have not received screening programs based on any previous treatment.
Not more debates over whether the children should have long-term follow-up. In many centers of cancer treatment in the world, long-term follow-up is existed to evaluate long term complications of the disease and provide services to these patients according to pre-screening and evaluation of these effects [7] . In the last 20 years, there have been considerable improvements in the treatment protocols for childhood cancer so that an effective cure rate can now be obtained with substantially fewer late effects [8] .
Objectives
Appropriate and on time recognition and treatment its complications, improved quality of life for these children. Therefore, this study has been conducted to investigate the aforementioned complications resulting from the treatment of the common malignancies in children in Iran.
Patients and Methods
This cross-sectional study operated on previously treated cases of childhood cancer in the oncology department at children's medical center in 2011, which were referred to a hematologist for follow-up. Random number tabulation was used to collect 96 children and those with simultaneously diseases that affect the endocrine system were excluded. After obtaining written consent from patients or their families, primary and basic information including the type of cancer, age, type of treatment (chemotherapy, radiation and surgery), therapeutic doses, age at start of treatment and the treatment history, collected from the oncology ward and medical record of hospital. radiation dose achieved from patients of the cancer institute of Imam Khomeini hospital cases had obtained the necessary coordination with the center had been done to it. Patients who were in needing of radiotherapy referred to the institute of Imam Khomeini hospital from children's center cancer. Clinical examinations were performed on patients including; assessment of vital signs, growth parameters (height measured using a stadiometer and weight using scales). These measures were reviewed on a growth chart, Tanner stage classification system for puberty and other routine physical examinations. All obtained information from medical records, physical examination and laboratory findings were recorded in a specific survey form. For the analyzing data SPSS-13 was used and statistical χ 2 , independent t and multiple regressions tests. The significant level considered of P < 0.05.
Results
Out of 96 patients, 42.7% were girls. The mean age at the time of study was 13.8 with a range of 3 -31 years and the mean age at the time of the primary diagnosis was 5.4 with 1 -14 years range. The duration of treatment was varied from 1 to 10 years with a median of 2.7 years. The time after stopping treatment had a range of 1 -25 years with the average of 6.1 years. Most primary malignancy was for leukemia with 64 patients (66.7%) and followed with lymphoma of 15 patients (15.6%), brain tumors with 7 patients (7.3%) and other kinds of tumors (rhabdomyosarcoma, Wilms, neuroblastoma, Ewing's sarcoma) with 10 patients (10.4%) were ranked in the third and fourth orders.
According to the type of cancer, 40 patients (40.6%) received chemotherapy, 37 patients (37.3%) received simultaneous treatments of chemotherapy and radiation therapy, and 3 patients (2.1%) received treatments with surgery and radiotherapy. Chemotherapy was doing with different combinations included, vincristine, methotrexate, cyclophosphamide, cytozar, prednisolone, asparginase mercaptopurine and doxorubicin. Unfortunately, prescribed dose and cumulative dose were not able to achieve from medical records. Out of 96 patients, 56 had radiotherapy.
For these patients, the total dose of radiation (27.5 ± 2.18 Gy) with range of 12 -68 Gy, the fractionation dose and each fractioned dose were 15.1 ± 1.4 Gy with range of 4 -60 Gy and 1.9 ± 0.7 Gy with range of 1.5 -4.5 Gy respectively.
Patients with height below the fifth percentile were 18.8%. Diagnosis of acute leukemia was the greatest. These patients were treated with chemotherapy alone or combined with radiotherapy. The analysis resulted that, the heights of 33% of patients were within 5 -10th percentiles and 20% were between 10 -25 percentiles but significant association not existed between short stature and type of treatment. Based on the measures of BMI, 28 patients (29.2%) were overweight and 16 patients (16.7%) were obese in which significant association not observed between weight gain or obesity and type of treatment, duration of therapy, sex or age of the patients and time interval after stopping treatments.
Hyperinsulinemia Primary hypothyroidism in 8 (3.8%) patients was observed in which 7 were boys and 3 were diagnosed with subclinical hypothyroidism. From these patients, 62% with Hodgkin lymphoma in neck and neck radiotherapy were done. The average radiation dose was 27.7 Gy and registered. In this study, none of the patients had central hypothyroidism (Table 1 ). In addition, among patients in study, dysfunction of hypothalamic-pituitary axis, adrenal system, gonads and parathyroid not observed at all.
Discussion
In this study out of these patients, 57.3% were boys. The mean age at the time of study was 13.8 years with range of 3 -31 years. The mean age at the time of the primary diagnosis was 5.4 years with 1 -14 years range. The treatment duration ranged from 1 to 10 years with a median of 2.7 years. The time after stopping treatment had a range of 1 -25 years with the average of 6.1 years. Most primary malignancy was for leukemia (66.7%) and followed with lymphoma (15.6%), brain tumors (7.3%) and 10.4% for other kinds of tumors. Endocrine disorder is due to dysfunction (increase or reduction) in any of the endocrine gland. These disorders can occur as primary or secondary to other conditions. One of the secondary endocrine disorders is malignancies [1, [9] [10] [11] . In a study conducted by Skowronska-Gardas et al. observed that 40% of 650 patients survived from childhood cancer had endocrine problems and other complications were in the prevalence rate of visual-auditory disorders-cognitive dysfunction, heart-lung and gastrointestinal and 30% of patients had no problem [3] . The results conducted by Skowronska-Gardas et al. are comparable with our results when we resulted that, the percentage for hyperinsulinemia was 45.8%. In previous studies reported that 10% -15% of leukemia survivors had height below of 5% percentile when in the present study the rate of 18% was achieved in cancer survivors [1] . In a study has been carried out by Armenian et al. 57 .6% of patients with a history of malignancy childhood at least had one endocrine disorder caused by cancer treatment when 22% had multilump involvement [6] . The most common problems associated with weight disorders (decrease or increase) observed in 31% of patients, gonadal dysfunction in 25.2% of patients and 19.4% had impaired growth [8] in which these results is similar with our findings.
Reduction in height growth is a common finding in childhood cancer survivors. The causes of reduced growth are including of growth hormone deficiency, hypothyroidism, radiation therapy, corticosteroid and use of flat skull beads [6] . In previous studies, 10% -15% of survivors of leukemia have been reported with the height lower than fifth percentile when in the present study 18% for this percentage was found. It is recommended that, to be measured the growth parameters every 6 months till full growth and then every year [7] . Wasilewski-Masker in the own study reported that 31% of patients with leukemia had BMI > 30 and an increasing of hypercholesterolemia and hypertriglyceridemia 13 years after diagnosis. These amounts in population who had radiotherapy compared to those who received only chemotherapy significantly increased [12] .
Meanwhile, based on our study 29.2% was overweight and 16.7% was obese. Also a significant correlation between overweight and obesity was not found in which was based on treatment, duration of therapy, sex and age of the patients and the treatment interval. It was different from the findings of previous research.
In a sense, our results in terms of hypercholesterolemia and hypertriglyceridemia were similar to previous research.
Young adult Hodgkin disease survivors who were treated with high doses of radiation to the thyroid gland are at substantially increased risk for the development of a spectrum of abnormalities of the thyroid. Female survivors are at particularly high risk for developing hypothyroidism and thyroid nodules [5, 8] . According to the records the most common thyroid disorder due to the cancer treatment is hypothyroidism and this occurs in average after 2 to 7 years [4, 12, 13] . In various reviews the inZahedan J Res Med Sci. 2016; 18(3):e6244.cidence of 2-50% has been reported for hypothyroidism [14] which is similar with our findings. The relationship between radiation and hyperparathyroidism was reported in 1975. Latent period between radiation and remarkable hyperparathyroidism in clinical aspect has been reported of 35 -49 years [15] . In our study not found any cases of parathyroid dysfunction.
According to the findings of Darzy and Shalet study less than 5% of children with cancer are affected to hyperprolactinemia after radiotherapy [16] . In our study, hyperprolactinemia and other functional disorders of hypothalamic pituitary axis was not observed.
The prevalence of vitamin D deficiency is common and high in cancer survivors and is similar with the general population. The importance role of vitamin D deficiency is being a cause of cardiovascular disease, the incidence of malignancy and bone loss in patients with cancer in which is likely these problems are higher in patients with malignancy [5] . Early recognition and treatment can reduce morbidity and mortality in this vulnerable population. The importance of long-term surveillance of those at risk cannot be over emphasized. These endocrine abnormalities may evolve over many years. One of the future challenges will be to better characterize the role of genetic variability in the pathogenesis of these endocrine abnormalities. According to the findings of current and previous studies long term investigation on patients who suffering from cancers but stopped the treatment is recommended regularly and routinely. Therefore, screening them in terms of growth, maturation processes and semen analysis, evaluation of thyroid and parathyroid function tests, measurement of cortisol, prolactin and vitamin D levels in blood, assessment of BMI, fasting blood glucose, insulin and lipid profile, at specified intervals after cancer treatment is recommended.
